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Butadiene polymer compsn. for tyre - contg. butadiene polymer; 
having trans- 1 ,4-vinyl bonds and specified Mooney viscosity ! 
C89-087495 



Full Patentees: Bridgestone Tire KK; Japan Synthetic 
Rubber. 

Butadiene polymer compsn. for tyre contains butadiene polymer, at 
least 20 wt.% of which is the polymer bonded in non branch form by 
unifunctional or bifunctional tin cpds., having 70-90% of trans-1,4,. 
vinyl bonds of 2-10%, and mooney viscosity (ML1 + 4, 100 deg. C) of 
20-150. 

Pref. butadiene polymer is polybutadiene or opt. styrene- 
butadiene copolymer having 40 wt.% of bonded styrene. The amt. of 
tin atm. comprising tin-carbon bond in butadiene polymer is at least 
50 ppm. . 

USE /ADVANTAGE - The compsn. has good resistance against 
abrasion and good repulsive elasticity. The compsn. can be used for, 
tread, sidewall. belt, bead of various type of tyres, (llpp Dwg.No. 
0/OT ! — 1 
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Claims 



1. A butadiene polymer composition for tires, which 
contains, as an essential component, a butadiene polymer with 
trans-1,4- contents of 70-90%, vinyl bonds of 2-10%, and Mooney 
viscosity (ML 1+4 100 °C) of 20-150, wherein at least 20 wt% of 

the above polymer is the unbranched polymer which is connected by 
the monofunctional or di functional tin compound* 

2. A butadiene polymer composition for tire as described in 
Claim 1, .wherein the butadiene polymer is polybutadiene or 
styrene-butadiene copolymer with amounts of bonded styrene being 
40 wt% or less. 

3. A butadiene polymer composition for tire as described in 
Claim 1 or 2, wherein the amounts of tin atoms in the polymer 
which form tin-carbon bonds are 50 ppm or higher. 

Detailed explanation of the invention 

Area of industrial application 

This invention is related to a butadiene polymer composition 
for tire with improved abrasion resistance, resilience, and heat 
generation. 

Prior art 

In the past, as a rubber materials for tire tread, 
properties such as high abrasion resistance, high break strength, 
low heat generation, low rolling friction, and high wet skid 
resistance have been required. However, no single rubber material 
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satisfies all of the above requirements. Therefore, blends of 
several kinds of rubber material have been used. For example, as 
a rubber for tire tread for passenger cars, blends of 
styrene-butadiene copolymer prepared by emulsion polymerization 
or solution polymerization using lithium-based initiator, and 
polybutadiene with high cis or low cis contents has been widely 
used. However, properties of these blend compositions are 
insufficient in that they exhibit low rolling resistance due to 
high heat generation, and low resilience, in addition to low 
abrasion resistance. Recently, as a tread rubber material for a 
tire of low fuel consumption, a blend of natural rubber, and 
polybutadiene with high vinyl contents or styrene-butadiene 
copolymer with medium or high vinyl contents has been suggested. 
Although this blend exhibits satisfactory rolling friction 
property, and wet skid resistance property, this blend exhibits 
insufficient abrasion resistance. Butadiene polymers with high 
trans contents, such as styrene-butadiene copolymer, and 
polybutadiene obtained by emulsion polymerization, 
styrene-butadiene copolymer, and polybutadiene obtained by 
solution polymerization using alfin catalyst, and 
styrene-butadiene copolymer, and polybutadiene obtained by 
solution polymerization using organic lithium compound, and/or an 
organic magnesium compound with an organic aluminum compound, and 
barium salt, are known to exhibit excellent wed skid properties, 
break strength, and abrasion resistances, and are used as rubber 
for tire tread. However, this rubber exhibits insufficient 
resilience, and heat generation which are related to rolling 
friction of tire. 

As described above, a rubber-like butadiene polymer 
exhibiting excellent abrasion resistance, and break strength, as 



well as high resilience, and low heat generation has been 
awaited. 

As an attempt to improve resilience, and heat generation of 
butadiene polymers with high trans contents, a branched 
styrene-butadiene copolymer with high trans contents containing a 
halogenated tin compound with a functionality of 3 or higher has 
been suggested (Kokai Patent Application Sho 58 [1983] -162601) . 
However, the above mentioned polymer exhibits an insufficient 
properties upon heat generation, and resilience due to low 
contents of tin-carbon bonds introduced in the polymer by the tin 
compound with a functionality of 3 or more. 

Problems to be solved by this invention 

This invention has been initiated based on the background of 
the above mentioned technical problems which the prior art has 
faced, and intends to give a butadiene polymer composition for 
tires, exhibiting high break strength, abrasion resistance, 
resilience, and low heat generation when vulcanized. 

Means to solve the problems 

This invention gives a butadiene polymer composition for 
tires, which contains, as an essential component, a butadiene 
polymer with trans-1,4- contents of 70-90%, vinyl bonds of 2-10%, 
and a Mooney viscosity (ML 1+4 100 °C, which will be called 

A Mooney viscosity' below) of 20-150, in which at least 20 wt% of 
the above polymer is the unbranched polymer which is connected by 
the monofunctional or difunctional tin compound (called 
x unbranched polymer' below) . 
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It is necessary that the butadiene polymer, which is a 
component of the rubber composition of this invention, contains 
unbranched polymers connected by the monofunctional or 
difunctional tin compound of 20 wt% or more, preferably 30 wt% or 
more. When below 20 wt%, the polymer cannot contain tin atoms in 
the form of tin-carbon bonds of 50 ppm or more, meaning that the 
heat generation and resilience of the vulcanized product, cannot 
be improved. 

The ratio of a branched polymer (that is, the ratio of an 
unbranched polymer) can be measured by the separation by 
gel-permeation chromatography (GPC) or the comparison of GPC 
analysis before, and after the reaction. 

Also, the butadiene polymer used in the composition of this 
invention contains trans-1,4 of 70-90%, preferably 75-85%, and 
vinyl of 2-10%, preferably 5-8% as a total (that is, an 
unbranched polymer + a branched polymer) , with Mooney viscosity 
of 20-150, preferably 30-100. 

When the trans contents of the butadiene polymer used in 
this invention is less than 70% or the vinyl contents exceeds 
10%, crystallization due to trans-1,4 bonds of the raw rubber 
slows down, and the melting point sinks below -20 °C, which 
results in no observable improvement in abrasion resistance, and 
tensile strength of the vulcanized product. On the other hand, 
when the trans-1,4 contents of the butadiene polymer exceeds 90%, 
the heat generation and resilience properties of the vulcanized 
product can deteriorate. 

Also, it is difficult to manufacture the butadiene polymer 
with a vinyl content of less than 2%. 

The trans-1,4 contents, and vinyl contents of the 
polybutadiene can easily be controlled by the type of catalysts, 



the polymerization temperature, and the amount of vinyl aromatic 
compounds . 

When the Mooney viscosity of the butadiene polymer is less 
than 20, the obtained composition exhibits inferior properties, 
such as abrasion resistance, resilience, and heat generation, 
when vulcanized. When the value exceeds 150, the processability 
deteriorates . 

The butadiene polymer used in the composition of this 
invention contains tin atoms (in form of tin-carbon bonds) of 
preferably 50 ppm or more, preferably 70-500 ppm in total (that 
is, an unbranched polymer + a branched polymer) . When the amount 
is less than 50 ppm, the vulcanized product shows insufficient 
heat generation, and resilience* The contents of tin atoms can 
easily be measured by the atomic absorption spectroscopy method. 

The ratio of weight-average molecular weight (Mw) , and 
number-average molecular weight (Mn) of the butadiene polymer, 
measured by GPC, is 1.3-3.5, preferably 1.3-2.5 in terms of 
resilience, and heat generation of the vulcanized product. 

The butadiene polymer used in this invention can be a 
copolymer of 1, 3-butadiene with vinyl aromatic compounds such as 
styrene, a-methylstyrene, p-methylstyrene, o-methylstyrene, and 
p-butylstyrene, vinylnaphthalene, vinylpyridine, acrylronitrile, 
methyl (meth) acrylate, and other acrylic acid esters of 40 wt% o 
less, preferably 30 wt% or less concerning break strength, 
resilience, and heat generation of the vulcanized product. 
Preferred comonomers are vinyl aromatic compounds, especially 
styrenes. 

When the butadiene copolymer used in this invention is the 
copolymer of the aromatic vinyl compound, and 1, 3-butadiene, the 
copolymer can be a random copolymer in which aromatic vinyl 



compounds are uniformly distributed in the polymer chain or an 
incomplete random copolymer in which the above compounds are 
localized at the polymer chain ends. However, the contents of 
block polyaromatic compounds, which is measured by the oxidative 
degradation method by I. M. Kolthoff (J. Polymer Sci., 1, 
429 (1946), should be less than 10 wt%, preferably less than 
5 wt%. When the amount of the long-chain block polyaromatic 
compound exceeds 10 wt%, a vulcanized product with an inferior 
resilience, and heat generation is obtained. 

The ^above butadiene polymer can be obtained by first 
polymerizing 1, 3-butadiene alone or a mixture of 1, 3-butadiene, 
and, for example, a vinyl aromatic compound in the presence of at 
least one kind of a polymerization catalyst system selected from, 
for example, organic barium, organic strontium, and organic 
calcium in a hydrocarbon solvent, then reacting with the obtained 
living polymer having an active terminal group with a tin 
compound of mono- or difunctionality . 

Examples of the abovementioned catalyst systems are the 
following: 

(1) Catalysts comprising an alcoholate of barium, strontium, 
or calcium, an organic aluminum compound, and an organic 
magnesium compound as described in the Kokai Patent Application 
Sho 62[1987]-35,401. 

(2) Catalysts comprising a barium alcoholate, and organic 
lithium as described in the Kokai Patent Application Sho 
56[1981]-45, 401, 

(3) Catalysts comprising a conjugated complex of barium, 
strontium, or calcium with organic aluminum, and Lewis base, a 
lithium alcoholate, or lithium phenolate as described in the 



Kokai Patent Application Sho 60 [1985] -2, 323 or Kokai Patent 
Application Sho 56 [1981] -157, 409, 

(4) Catalysts comprising alcoholates or phenolates of 
organic lithium/barium, organic aluminum, and lithium diethylene 
glycol monoalkyl ether or lithium salt of 
2-N-dialkylaminoethanol, as described in the Kokai Patent 
Application Sho 57 [1982] -34, 843 

(5) Catalysts comprising a alcoholate, phenolate, or 
carboxylic acid salt of organic lithium/barium, and organic 
aluminum or organic zinc, as described in the Kokai Patent 
Application Sho 56 [1981] -157, 411 or Sho 56 [1981] -157, 410, 

(6) Catalysts comprising an alcoholate or phenolate of 
barium, organic lithium, organic magnesium, and organic aluminum 
as described in Sho-56 [1981] -11, 296 or Sho 60 [1985] -26, 406, and 

(7) Catalysts comprising a barium alcoholate, and organic 
magnesium as described in the Kokai Patent Application Sho 
52[1977]-48,910 or Sho 50 [ 1 975] -123, 628 . 

A preferable catalyst composition in the production of 
butadiene polymers used in this invention mainly comprises (a) an 
organic magnesium compound, and/or an organic alkali metal 
compound (hereafter referred ot as (a) component'), (b) organic 
alkaline earth metal compound (hereafter referred ot as (b) 
component')/ and (c) organic aluminum compound (hereafter 
referred ot as (c) component'). 

As an example of an organic magnesium compound which is one 
of two compounds used in the component (a) , dialkylmagnesium 
compounds, diallylmagnesium compounds, and alkylmagnesium 
compounds can be mentioned. A more detailed list mentions 
substances, such as dimethylmagnesium, 

dipropylmagnesium, dibutylmagnesium, ethylbutylmagnesium, 



ethylhexylmagnesium, dihexylmagnesium, dioctylmagnesium, 
didecylmagnesium, didodecylmagnesium, dicyclohexylmagnesium, 
dicyclopentylmagnesium, diphenylmagnesium, ditolylmagnesium, 
ethylmagnesium bromide, ethylmagnesium chloride, allylmagnesium 
bromide, propylmagnesium bromide, n-butylmagnesium chloride, 
phenylmagnesium bromide, phenylmagnesium iodide, etc. 

Alkyllithium such as ethyllithium, propyllithium, 
n-butyllithium, sec-butyllithium, t-butyllithium, hexyllithium, 
1, 4-dilithiobutane, the reaction product of butyllithium, and 
divinylbenzene, alkylenedilithium, phenyllithium, 
stilbenelithium, isopropenylbenzenedilithium, sodium naphthalene, 
potassium naphthalene, and lithium naphthalene serve as examples 
of the organic alkali metal compound, used as a compound in the 
(a) component . 

The organic magnesium compounds or organic alkali metal 
compound, which are the compounds used in component (a), can be 
used alone or as a mixture. 

Although the amount used of component (a) varies depending 
on the molecular weight, and Mooney viscosity of the butadiene 
polymer, it is usually 0.05-10 mmol, preferably 0.1-8 mmol per 
100 g monomer. 

Organic alkaline earth metal compounds (excluding the above 
mentioned magnesium compounds) used in component (b) , are organic 
metal compounds of barium, calcium, or strontium. More precisely, 
barium compounds such as barium dimethoxide, barium diethoxide, 
barium diisopropoxide, barium di-n-butoxide, barium 
di-sec-butoxide, barium di-tert-butoxide, barium 
di- (1, 1-dimethylpropoxide) , barium di- (1, 2-dimethypropoxide) , 
barium di (1, 1-dimethylbutoxide) , barium 

di (1, 1-dimethylpentoxide) , barium di (2-ethylhexanoxide) , barium 
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di (1-methylheptoxide) , barium diphenoxide, barium 

di (p-methylphenoxide) , barium di (p-butylphenoxide) , barium 

di (o-methylphenoxide) , barium di (p-octlyphenoxide) , barium 

di (p-nonylphenoxide) , barium di (p-dodecylphenoxide) , barium 

di (a-naphthoxide) , barium (o-methoxyphenoxide) , barium 

di (m-methoxyphenoxide) , barium di (p-methoxyphenoxide) , barium 

(o-ethoxyphenoxide) , and barium di (4-methoxy-l-naphthoxide) can 

be mentioned. Especially, compounds described in the structure 
(I) (in which R1-R5 is the hydrogen atom or the C1-20 alkyl or the 

alkoxy group) are preferred in terms of properties of the 
polymers, A partially hydrolyzed compound, in which 0.1-0.5 Eq of 
an alkoxy group or a phenoxy group (per barium atom) are 
substituted with the hydroxyl group, may be used as well. 

A calcium compound or strontium compound which corresponds 
to the above barium compounds can also be mentioned. 

The amount of the used component (b) is 0.01-20 Eq, 
preferably 0.1-10 Eq per 1 g atom of the metal atoms in the 
magnesium compound or organic alkali metal compound. 

The organic aluminum compound, which is used in component 
(c) , is a compound described by the general formula A1R 6 R 7 R 8 (in 
which, R 6 , R 7 , and R 8 are hydrogen or Ci_ 8 hydrocarbon, and they 

can be the same or different, although they cannot all be 
hydrogens at the same time) . More precisely, trimethylaluminum, 
triethylaluminum, triisopropylaluminum, tributylaluminum, 
triisobutylaluminum, trihexylaluminum, tricyclohexylaluminum, 
diisobutylaluminum hydride, diethylaluminum hydride, 
dipropylaluminum hydride, ethylaluminum dihydride, propylaluminum 
dihydride, and isobutylaluminum dihydride can be mentioned. 



The amount of used component (c) is 0.02-2 Eq, preferably 
0.5-1.0 Eq per 1 g atom of metal atoms in the magnesium compound 
or organic alkali metal compound. 

As another catalyst components other than components (a), 
(b) , and (c) , conjugated diene can be used in an amount of 
0.05-20 mol per mole of component (a). 

As conjugated dienes used in the preparation of the 
catalyst, isoprene, 1, 3-butadiene, , and 1, 3-pentadiene, etc., 
are used. Although the conjugated diene is not essential as a 
catalyst component, the catalyst activity is improved by using 
these . 

The catalyst is prepared by reacting components (a) -(c) 
which are dissolved, for example, in an inert organic solvent, 
optionally in the presence of conjugated diene. During the 
process, the order of addition is optional. These components are 
preferably premixed, reacted, and aged to improve the 
polymerization activity, and to shorten the induction period in 
polymerization. However, the catalyst components can be directly, 
and successively added to the solvent, and monomer. 

As polymerization solvents, inert organic solvents, for 
example aromatic hydrocarbon solvents such as benzene, toluene, 
and xylene, aliphatic hydrocarbons such as n-pentane, n-hexane, 
heptane, n-butane, 2-methyl-butene-l, and 2-methyl-butene-2, and 
alicyclic hydrocarbons, such as methylcyclopentane, and 
cyclohexane, can be used. 

The polymerization temperature is 30-150°C, preferably 
50-100°C to maintain a high polymerization activity, and to 
prevent deactivation of active polymer chain ends. Polymerization 
can be carried out by the batch or continuous method and either 
isothermally or adiabatically . 
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The monomer concentration in the solvent is usually 
5-50 wt%, preferably 10-35 wt%. 

During preparation of the polymer, it is necessary to 
minimize the incorporation of impurities such as oxygen, water, 
and carbon dioxide which deactivate the catalyst system, and 
polymer. 

In this invention, living butadiene polymers are formed 
using the above catalyst system in an inert organic solvent. 

The composition of this invention is prepared by reacting a 
butadiene polymer containing living active terminal group with a 
mono- functional or difunctionl tin compound, optionally after the 
addition of ethers or tertially amines such as dibutyl ether, 
tetrahydrofuran, dimethoxye thane, dimethyoxybenzene, ethylene 
glycol dibutyl ether, pyridine, and 

N,N,N' ,N' -tetramethylethylenediamine as necessary to give a 
butadiene polymer, a part or majority of which are unbranched tin 
adducts . 

The improvement of the mechanical properties, such as 
resilience, abrasion resistance, and low heat generation, can be 
observed by the above modification. 

The monofunctional or difunctional tin compound used in this 
invention has the general formula (II) as shown below. 
Sn(R f )a(R")b(X)c (In this formula, R' is the alkyl group, R" is 
the aryl or benzyl group. X is the functional group selected from 
a halogen atom, alkoxy group, and carboxyl group with a, b, c 
being integer of 0, 1, or higher, a+b+c = 4, c being 1 or 2, and 
a + b being >2 . ) 

As examples of tin compounds, triphenyltin chloride, 
diphenyltin dichloride, tri-o-tolyltin chloride, tri-m-tolytin 
chloride, triphenyltin bromide, tribenzyltin chloride, 



dibenzyltin dichloride, benzylphenyltin dichloride, tributyltin 
chloride, dibutyltin dichloride, trimethyltin chloride, 
dimethyltin dichloride, tributyltin bromide, triphenyltin 
phenoxide, triphenyltin stearate, triphenyltin laurate, 
tripheyltin octoate, triphenyltin oleate, diphenyltin dilaurate, 
diphenyltin distearate, diphenyltin dioctoate, diphenyltin 
dioleate, tributyltin stearate, tributyltin laurate, tributyltin 
octoate, dibutyltin distearate, dibutyltin dilaurate, dibutyltin 
dioctoate, dioctyltin distearate, and dioctyltin dilaurate can be 
mentioned. These tin compounds can be used alone or in 
combination. 

By the addition of tin compounds in an amount of 0.2-10 Eq, 
preferably 0.5-5 Eq (using halogen atoms as standard) per 1 g 
atom Eq of a magnesium atom or alkali metal atom in the 
component (a) , the ratio of unbranched polymers in the butadiene 
polymer can be adjusted to 20 wt% or more. When the amount is 
less than 0.2 Eq, the obtained vulcanized product exhibits an 
insufficient heat generation property, and resilience. When the 
amount exceeds 2.0 Eq, the amount of unreacted tin compounds 
increases, resulting in an unsatisfactory heat generation, and 
resilience of the vulcanized product. 

A branched polymer can be incorporated in the butadiene 
polymer in this invention by the addition of a chain-branching 
agent containing 3 functional groups or more in an amount of less 
than 2 Eq (using a halogen atom as standard) per 1 g atom Eq of 
magnesium atoms or alkali metal atoms in the component (a) . 

As examples of chain-branching agents with a functionality 
of 3 or more, tin tetrachloride, monobutyltin trichloride, 
silicon tetrachloride, diethyl adipate, divinylbenzene, germanium 
tetrachloride, epoxylated soybean oil, tolylene diisocyanate, , 



and diphenylmethane diisocyanate can be mentioned. Preferably, 
tin tetrachloride, and monobutyltin trichloride, which forms 
polymer containing carbon-tin bonds, are used. 

The reaction temperature of the above butadiene living 
polymer, and the tin compound is usually room temperature to 
120°C, preferably 50-100°C. The reaction time is usually several 
to several h. 

After completion of the reaction, polymers are first 
obtained first by removing the solvent by introducing steam 
into the polymer solution or adding a poor solvent such as 
methanol to precipitate the polymer, followed by drying the 
polymer using a heat roll or with reduced pressure. 

The butadiene polymer can also be obtained by direct removal 
of the solvent from the polymer solution under reduced pressure. 

The composition of this invention comprises the above 
mentioned butadiene polymer alone or a blend with other synthetic 
rubber or natural rubber as raw rubber, which is optionally an 
oil-extender with a processing oil, and mixed with carbon black 
as a filler, vulcanizing agent, vulcanizing aid (and processing 
aid) , and vulcanization accelerator, which are conventional 
additives for vulcanized rubber. 

It is necessary to incorporate the above butadiene polymer 
of this invention in the raw rubbers in an amount of 20 wt% or 
more, preferably 30 wt% or more to manifest excellent properties 
of the above butadiene polymer of this invention. 

As examples of other synthetic rubber that can be used as a 
blend, cis-1, 4-polyisoprene, emulsion-polymerized 
styrene-butadiene copolymer, solution-polymerized 
styrene-butadiene copolymer, low cis-1 , 4-polybutadiene, 
high-cis-1, 4-polybutadiene, ethylene-propylene-diene copolymer, 



chloroprene, halogenated butyl rubber, acrylonitrile-butadiene 
rubber (NBR) , etc., can be mentioned. 

As examples of processing oil that may be used as an oil 
extender, paraffinic, naphthenic, and aromatic oil can be 
mentioned. When tensile strength, and abrasion resistance are 
essential for usage, aromatic oil is used. When resilience, and 
low-temperature properties are essential for usage, naphthenic 
oil or paraffin oil is used. The optimum amount to be used is 
0-80 parts by weight per 100 parts raw rubber, preferably 
20-60 parts by weight. When the amount to be used exceeds 80 part 
by weights, tensile strength, and resilience of the vulcanized 
rubber becomes extremely low. 

As carbon black, HAF, ASAF, FEF carbon black etc. are used. 
Preferably, carbon black with iodine absorption (IA) of 60 mg/g 
or more, and dibutyl phthalate oil absorption (DBP) of 80 mg/lOOg 
or more is used. The amount of carbon black to be used is 
35-100 parts by weight per 100 parts by weight raw rubber, 
preferably 40-80 parts by weight. When the amount to be used is 
less than 35 parts by weight, tensile strength, and abrasion 
resistance of the vulcanized product are not sufficient. When the 
amount exceeds 100 parts by weight, deterioration of properties 
such as resilience, and heat generation is observed. 

As vulcanization agent, sulfur is used. The amount of sulfur 
to be used is 0.1-3 parts by weight per 100 parts by weight raw 
rubber, preferably 0.5-2 parts by weight. When the amount is less 
than 0.1 parts by weight, tensile strength, abrasion resistance, 
and resilience of the vulcanized rubber are lowered. When the 
amount exceeds 3 parts by weight, the product loses rubber 
elasticity due to hardening. 



As vulcanization, and processing aids, stearic acid is 
generally used. The amount to be used is 0.5-5 parts by weight 
per 100 parts by weight raw rubber. 

There is no restriction in the use of the vulcanization 
accelerator. As examples of preferable vulcanization accelerator, 
sulf enamides, guanidines, and thiurams such as 

M (2-mercaptobenzothiazole) , DM (dibenzothiazolyl disulfide), and 
CZ (N-cyclohexyl-2-benzothiazolesulfenamide) can be mentioned. 
The amount to be used is 0.05-2 parts by weight per 100 parts by 
weight raw rubber. 

Other additives than carbon black, can be added to the 
composition of this invention, as necessary. For example, fillers 
such as silica, calcium carbonate, and titanium oxide, additives 
such as zinc oxide, antioxidants, and antiozonants can be added. 

The composition of this invention is obtained by kneading 
using a kneader such as roll, and internal mixer. After the 
processing, the composition is vulcanized at 130-200°C for a 
specified period of time. The product is used for tire 
application such as tire treads, under treads, carcasses, 
sidewalls, and bead parts, and other industrial applications such 
as hoses, belts, shoe soles, window frames, sealing compositions, 
vibration-proof rubber, etc. Among these applications, it is 
preferably used as a rubber for tire treads. 

Function 

It is not clear why the vulcanized composition pf butadiene 
polymer of this invention exhibits am excellent heat generation 
and resilience property, as well as abrasion resistance. It is 
postulated that the tin-carbon bonds in the polymer, which is 



incorporated in the polymer in a large amount, are cut during 
kneading process, resulting in the increase in the interaction 
between the polymer, and the carbon black. It is further 
postulated that since the butadiene polymer used in this 
invention has high trans contents, and low vinyl contents, it 
exhibits hysteresis loss when the polymer chain is stretched at a 
high degree due to stretching crystallization. 

Example 

This invention is explained in more detail by Examples. This 
invention is not restricted to examples as long as they are 
within the principle of this invention. 

In examples, parts, and % indicate parts by weight, and wt%, 
unless specifically mentioned. 

Furthermore, the measurements are based on the following 
methods . 

Mooney viscosity was conducted under the conditions of a 
preheating time of 1 min, a measurement time of 4 min, and a 
temperature of 100 °C (according to JIS K 6300) . 

The microstructure of the polymer was based on the IR 
spectroscopy method (Morello method) . 

The ratio of branched polymers (that is, the ratio of 
unbranched polymers) was estimated by the changes in the Mooney 
viscosity before, and after the reaction of the freshly prepared 
living polymer using the catalyst with the tin compound or 
confirmed by GPC analysis, and IR analysis after the model 
reaction of the polymer with number-average molecular weight of 
several thousands. 
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The contents of tin atoms in the polymer was measured by the 
atomic absorption spectroscopy method. 

The property evaluation of the vulcanized product was 
carried out after the raw rubber was mixed with other ingredients 
according to the following Formula A to form a composition. The 
composition was kneaded using 230-cc Brabender, and a 6-inch 
roll, and vulcanized at 145°C for 18 min. 
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Formula 
Parts 

Raw rubber 
Carbon black (HAF) 
Stearic acid 
Zinc oxide 
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Antidegradant (810NA) *1 
Antidegradant (TP) *2 
Vulcanization accelerator (DPG) *3 
Vulcanization accelerator (DM) *4 
Sulfur 

* 1 ) N-phenyl-N' -isopropyl-p-phenylenediamine 



*2) Sodium dibutyldithiocarbamate 

3* ) Diphenylguanidine 

4*) Dibenzothiazoyl disulfide 

Tensile strength was measured according to JIS K 6301. 

Resilience was measured by Dunlop tripsometer at 80°C. 

The Lanborne [transliteration] abrasion index was measured 
under the conditions of load 4.5 kg, degree of slippage 25%, and 
the amount of abrasion 20 mg/min using a Lanborne type abrasion 
testing machine. The measurement was conducted at room 
temperature. A higher index number indicates a better abrasion 
resistance. 

Internal loss (tan 5) was measured by the dynamic 
spectrometer (Rheometric Co., U.S.A.) under the conditions of 
dynamic strain 0.1% during stretching, and a frequency of 10 Hz 
at 50°C. 

Application Examples 1-7, and Comparison Examples 1-3 

To a 7-L reactor equipped with a mixer, and jacket which had 
been dried, and replaced with nitrogen, purified, and dried 
1,500 g cyclohexane, 350 g 1, 3-butadiene, and 150 g styrene were 
introduced. 

The catalyst composition of dibutylmagnesium, 
triethylaluminum, and tert-butoxybarium which had been premixed 
in amounts described in Table I, and aged at 80 deg for 20 min 
was introduced to the above reactor, and the monomer mixture was 
polymerized at 70 °C for 30 h . At this stage, the degree of 
polymerization reached about 83%. At this point, 10 mmol of 
tetrahydrofuran, and the monofunctional or difunctional tin 
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compound, shown in Table 1, was added, and the reaction was 
continued for another hour at 70°C. 

Then, 2, 6-tert-butyl-p-cresol was added to the polymer 
solution in an amount of 0.5 g per 100 g polymer. After the 
removal of the solvent by steam stripping, the product was 
roll-dried at 110°C to polymers A-E (Application Examples 1-5), 
and polymers F-G (Comparison Examples 1-2) . The results of the 
polymerization are shown in Table 1. 

Then, polymers A-G alone (Application Examples 1-5, 
Comparison Examples 1-2), a raw rubber blend of 70 parts polymer 
A, and 30 parts natural rubber (RSS #1, hereafter referred to as 
' NR 1 ) (Application Example 6), a raw rubber blend of 70 parts 
polymer A, and 30 parts emulsion-polymerized styrene-butadiene 
copolymer rubber (JSR SBR 1500, from Nippon Synthetic Rubber, 
bonded styrene contents 23.5%, Mooney viscosity 52, hereafter 
referred to as 1 E-SBR 1 ) (Application Example 7), or 
solution-polymerized styrene-butadiene copolymer rubber (Tafuden 
1000R from Asahi Kasei Co., bonded styrene contents 18%, 
trans-1,4 contents 52%, vinyl contents 13%, cis-1, 4-contents 35%, 
and Mooney viscosity 45, hereafter referred to as 1 E-SBR 1 ) 
(Comparison Example 3) was mixed with other ingredients according 
to the Formula A, kneaded with 230-cc Brabender, and 6-inch roll, 
and vulcanized at 145 °C for 18 min to give a vulcanized product. 
The results of property testing are shown in Table III. 

Application Examples 8-11, and Comparison Example 

To a 7-L reactor equipped with a mixer, and jacket, which 
had been dried, and replaced with nitrogen, l,500g cyclohexane, 
total amounts of styrene described 'in Table III, and half of the 



amount of 1, 3-butadiene described in Table III were introduced. 
In Application Examples 8-10, the remaining amounts of 

I, 3-butadiene were introduced to the reactor 30 min after the 
start of the polymerization at the rate of 1.3 g/min. In Example 

II, total amounts of 1, 3-butadiene were introduced at the start 
of polymerization. 

Then, a catalyst composition, prepared by mixing the 
reaction product of 1.1 mmol barium dinonylphenoxide, and 
4.4 mmol triethylaluminum with the reaction product of 3.3 mmol 
n-butyllithium, and 2.2 mmol lithium salt of N, 

N-diethylaminoethanol, and aging the above mixture at 80 deg. for 
1 h, was added to the above reactor, and the polymerization was 
carried out at 70 deg. for 3 h. The degrees of polymerization are 
shown in Table 3. To this polymer solution, 0.1 mmol tin 
tetrachloride, and 0.5 mmol triphenyltin were added, and the 
reaction was carried out at 70°C for 20 min. 

The polymers H-K (Examples 8-11), and polymer L (Comparison 
Example 4) were prepared following the same procedure as 
Examples 1-5. The analytical results of obtained polymers are 
shown in Table III, and the properties of vulcanized products are 
shown in Table IV. 

In Table IV, raw rubber comprising 70 parts polymer obtained 
in Application Examples 8-11 or Comparison Example 4, and 
30 parts emulsion-polymerized SBR (JSR SBR 1500, hereafter 
referred to as 'SBR') was used. 
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Name of polymer 


2 


Type of catalyst/amount (mmol) 


3 


Degree of polymerization 


4 


Type of tin compound/amount (mmol) 


5 


Mooney viscosity 


6 


Bonded styrene 


7 


Microstructure of polymer (%) 


8 


Trans-1, 4 


9 


Vinyl 


10 


Contents of tin atom (ppm) 


11 


Ratio of unbranched polymer (%) 
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Application Example 
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Comparison Example 
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Dibutylmagnesium 
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Trie thy laluminum 
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Di-tert-butoxybarium 
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Barium dinonylphenoxide 
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Triphenyltin chloride 
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Tributyltin chloride 
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20 Dibutyltin dilaurate 

21 Triphenyltin chloride/ 0.6 // tin tetrachloride/0.1 

22 Tin tetrachloride 
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Key: 1 Application Example 

2 Comparison Example 

3 Type of raw rubber/parts 

4 Mooney viscosity of composition 

5 Properties of the vulcanized product 

6 300% modulus (kg.f/cm 2 ) 

7 Tensile strength (kg.f/cm 2 ) 

8 Elongation (%) 

9 Resilience (%) 

10 Lanborne abrasion index 
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Name of the polymer 


2 


Amount of monomer (g) 


3 


Styrene 


4 


1, 3-Butadiene 


5 


Degree of polymerization 


6 


Mooney viscosity 


7 


Bonded styrene (%) 


8 


Microstructure of the polymer (%) 


9 


Trans-1, 4 


10 


Vinyl 


11 


Contents of tin atom (ppm) 


12 


Molecular weight distribution (Mw/Mn) 


13 


Ratio of unbranched polymer (%) 
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Application Example 
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Comparison Example 
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Table IV 
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Key: 1 Application Example 8 

2 Comparison Example 

3 Type of raw rubber/parts 

4 Mooney viscosity of the composition 

5 Properties of the vulcanized product 

6 300% Modulus (kg-f/cm 2 ) 

7 Tensile strength (kg-f/cm 2 ) 

8 Elongation (%) 

9 Resilience (%) 

10 Lanborne abrasion index 



Effect of this invention 



The butadiene rubber composition for tires of this invention 
contains a butadiene polymer with high trans-1,4 bond which is 
modified with the specific amount of a tin compound, and exhibits 
good abrasion resistance, and resilience. 

Because of these properties, this rubber composition of this 
invention is preferably used as tire tread for passenger cars, 



trucks, and buses, as well as for sidewalls, belts, and bead 
parts . 



